• This cross-sectional survey of the dental professional team reinforces the importance of the knowledge on periodontal disease-diabetes interactions to provide high-quality service and safe practice. The study also highlights the need of dentists and dental assistants for up-to-date awareness on current trends of the diagnosis and management of diabetes.
Introduction
Diabetes mellitus (DM) is a serious global health burden. According to the International Diabetes Federation 2013 update, 8.3% of adults (i.e., 382 million people) were diabetic worldwide; by 2035, this number will rise to 592 million [1] . It costs around USD 1,200 billion to diagnose, treat, and care for both type 1 and type 2 DM patients globally [2] . The disorder is rapidly increasing out of proportion in both developed and developing countries, especially type 2 DM, which is associated with modern lifestyle habits such as reduced physical activity, diet, obesity, and genetic factors [2] . Interestingly, 3 of the world's top 10 countries with the highest prevalence of diabetes are in the Middle East: Saudi Arabia (24%), Kuwait (23%), and Qatar (23%) [1] .
DM increases the susceptibility to, and severity of, infections due to the reduction in functional activity of neutrophils (first line of defense) and consequently contributes to delayed wound healing [3] . Clinical investigations in diabetic patients clearly demonstrated consistent defects in neutrophil chemotactic, phagocytic, and microbicidal activities [4, 5] .
If left untreated, DM can lead to a number of diseases and chronic systemic complications largely caused by hyperglycemia-induced oxidative stress as well as cellular and molecular impairment in neural and vascular structure and function, including neuropathy, angiopathy, retinopathy, nephropathy, and cardiovascular complications [6, 7] . DM-induced complications may in turn lead to the dysfunction of cells, tissue, and organ systems, and subsequently death [2] .
Periodontal disease is now considered a DM-related complication, with a two-way relationship between DM and periodontal diseases [8, 9] .
While diabetes increases the risk of periodontal diseases, the severity of periodontal inflammation negatively affects glycemic control [8] . Mealey et al. [10] reported that the risk of periodontitis is increased approximately threefold in diabetic patients compared to nondiabetics; in addition, the risk is increased with poor glycemic control [11] . More importantly, there is evidence to support that the severity of periodontal diseases has a negative impact on glycemic control [12] [13] [14] [15] . Additionally, periodontal treatment improves glycemic control in type 2 diabetic patients for at least 3 months [16] .
Interestingly, regardless of the well-known negative consequences of diabetes on oral health, many previous studies revealed that most of the diabetic patients did not have enough knowledge about the negative impacts of diabetes on their oral health [17] [18] [19] [20] . At the same time, many studies highlighted the fact that diabetic patients have more knowledge about the systemic consequences of diabetes than about diabetes-related oral complications [19, 21] .
To some extent, the cause for this lack of awareness may be attributed to workers in the health services, as they may not provide adequate information regarding this issue to their patients [17] . Bowyer et al. [17] demonstrated that approximately 70% of diabetic patients had never received any instruction about oral health care related to their DM from their dental professionals. Moreover, a recent study conducted in 2017 revealed that most health care providers responsible for managing DM in patients were not addressing oral health care in their patients primarily due to limited knowledge and limited time to deal with DM-related oral complications [22] .
However, in order to enhance the oral health status and to reduce the risk of oral manifestations, workers in the dental field have to take the responsibility and develop proper programs to educate patients who are diagnosed with or at risk of developing DM, and raise the level of awareness about the oral conditions related to diabetes [19] . This survey aimed to assess the level of knowledge on periodontal disease-diabetes interactions in dentists and dental assistants in Saudi Arabia.
Subjects and Methods

Study Design and Sample Collection
This is a cross-sectional survey of dental assistants, dental hygienists, and dental practitioners at 2 major cities in Saudi Arabia, Jeddah and Dammam, in collaboration with the dental colleges of the University of Dammam (Dammam) and the King Abdulaziz University (Jeddah). The survey was conducted over a period of 2 months (April and May 2016). Approval for the study was taken from the Research and Ethics Committee at the University of Dammam. All procedures were performed in accordance with the Principles of the Helsinki Declaration. All participants were asked to sign a consent form after explaining the objectives of this study. ticipants were informed that they would be contacted for research purposes. All participants were then contacted to arrange personal appointments. The survey was distributed by 3 investigators to participants (dental assistants, dental hygienists, and general dental practitioners) working in private dental clinics and hospitals in Saudi Arabia. Demographic data were collected from all participants, which included gender, age, years of practicing, qualifications, and country of graduation.
Questionnaire Development
Survey questions were formulated in English to prompt either multiple-choice or Likert-scale responses according to the purposes of this study. The language in the questionnaire was audited by a professional in order to assure absence of grammatical mistakes or ambiguous terms. The questionnaire was pilot tested before finalizing by asking 25 general dental practitioners (16 females and 9 males) and 7 dental assistants (5 females and 2 males), who had at least 10 years of experience to answer the questionnaire. Participants of the pilot study were selected from dental professional teams at the Dammam Dental Hospital. After completion of the pilot questions, each respondent was interviewed personally to obtain direct feedback about the design, clearance, language, feasibility, and reasonability of questions. Feedback was then collated and used to refine the questions.
Description of Questionnaire Items
Seventeen items of the questionnaire were designed to address the attitude, knowledge, and behavior of dental practitioners toward the relation between periodontal diseases and diabetes. Items were divided into 2 principal sections; the first section includes 6 items for the assessment of previous educational training and practice behavior, and the second section includes 11 items for the assessment of knowledge and scientific background regarding DM and periodontal diseases.
In the first section of the questionnaire, 3 items elicited information on the number of educational hours or clinical requirements taken by participants in the area of systemic diseases and periodontal problems either in their undergraduate studies or as continuing medical education. The other 3 items addressed the specific experience of dental professionals while dealing with diabetic patients, which included the average number of diabetic patients per year and the percentage of those who developed oral complications, in addition to the frequency of routine oral examination performed by participants on their patients.
In the next section, items were formulated to appraise the knowledge of dental care providers on the relationship between periodontal diseases and DM. A Likert-type style was used in this section with 5 levels of response options ranging from strongly agree to strongly disagree. Items within this group were categorized into 4 main categories: 1. general knowledge about DM and knowledge of DM-related studies and evidence-based practices (3 items) ( Table 2 ), 2. items on the impact of DM on the periodontium (2 items) ( Fig. 3 ), 3. items on the impact of periodontal diseases on glycemic control (3 items) ( Fig. 3) , and 4. items to evaluate the desire and willingness of dental providers to develop and learn more about the relationship between DM and periodontal diseases (3 items) (Fig. 4) .
Data Analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS) software (version 22.0). The Fisher exact test was used to assess whether the respondents' responses on knowledge and practice were influenced by participants' characteristics. Binary logistic regression analysis was performed to examine the role of age, years of experience, and country of graduation as possible predictors for the level of knowledge. A p value below 0.05 was considered statistically significant.
Results
Study Subjects
Out of 365 subjects who were initially contacted, 239 subjects approved to participate (response rate 65.5%): 88 males (36.8%) and 151 females (63.2%). Participants ranged in age from 20 to 54 years; the mean age was 30.19 (±7.98) years. The mean age of dentists was 26.83 (±4.9) years, while it was 33.14 (8.9) years for dental assistants.
As a consequence of the limited number of dental hygienists in the study (7 subjects; 2.9%), dental hygienists were included into the same group as dental assistants. Participants were divided into 2 groups according to their professional qualifications as follows:
• dental assistants (n = 130; 54.4%) and • general dentists (n = 109; 45.6%).
Significantly, most of the participating dentists were male (70.4%), compared to 29.4% of female dentists (p = 0.001); in contrast, 87.7% of dental assistants were female, which was significantly higher than the percentage of male dental assistants (12.3%; p = 0.001).
The reliability value of the questionnaire showed a high level of internal consistency, as determined by Cronbach's α of 0.805.
Assessment of Previous Education and Practice Type
Six questions in the questionnaire aimed to assess the professional preparation of the dental care providers regarding the relationship between periodontal diseases and DM.
When the participants were asked about the number of study hours regarding oral and periodontal health and systemic diseases in their undergraduate course of study, dentists significantly responded that they studied this for 5-9 h (p = 0.007), while for dental assistants it was more than 9 h (Fig. 1) .
In addition, dentists significantly revealed that they took more continuing medical education courses regarding systemic diseases and its impact on oral health in the previous year than dental assistants (p = 0.02) (Fig. 2) .
Likewise, most of the dentists significantly specified that they have clinical requirements regarding the assessment of gingiva and teeth in their undergraduate education compared to dental assistants (p = 0.001) (Fig. 2) .
When dental professionals were asked about the average number of diabetic patients that they encountered in the past year, less than 1% of participants revealed that more than 60% of their patients are diabetic, while significantly more dental assistants answered that less than 10% of their patients were diabetic compared to dentists (61.3 and 29.2%, respectively) ( Table 1 ). More than half of dental assistants revealed that the percentage of diabetic patients who experience periodontal problems could be in the range from 0 to 10%, which was significantly higher than the percentage of dentists (17%; p = 0.001) ( Table 1) .
More than 67% of dental assistants stated that they examine their patients at every visit compared to about 44% of dentists; moreover, significantly more dentists than dental assistants (32.7 vs. 9.5%, respectively) stated that they examine their patients just in the initial visit ( Table 1) .
Assessment of Knowledge and Background regarding DM and Periodontal Diseases
Eleven questions were designed to evaluate the level of awareness and knowledge among workers in the dental field regarding the association between periodontal diseases and DM.
Link between DM and Periodontal Diseases
More than 86% of participants agreed that evidence supports the association between periodontal diseases and systemic conditions. Similarly, about 85% of our correspondents either agreed or strongly agreed that the evidence strongly associates DM with periodontal diseases. In addition, more than three-quarters of study participants revealed that they had previous knowledge of the association between DM and periodontal health. No significant differences were seen between dentists and dental assistants while responding to these items ( Table 2) .
Impact of DM on Periodontium
More than 85% of study participants agreed that the risk of developing severe periodontal diseases is increased among diabetic patients (Fig. 3) . Similarly, more than 81% of participants indicated knowledge (agree or strongly agree) that poor glycemic control would lead to more severe periodontal problems (Fig. 3) .
Impact of Periodontal Diseases on the Level of Glycemic Control
A majority of respondents (92.6%) either agreed or strongly agreed that good periodontal health is important to overall health. In addition, respondents to the survey generally agreed (73.7%) that diabetic patients with periodontal conditions would result in poor glycemic control compared to diabetic patients without periodontal complications. However, in response to this item, significantly more dental assistants than dentists agreed (78 vs. 68.5%, respectively, p = 0.002). However, less than 68% of our participants adopted the idea that periodontal treatment could improve glycemic control (Fig. 3) .
Evaluation of the Desire and Willingness to Learn More about the Relation between DM and Periodontal Diseases
About three-quarters of the study participants were confident about their ability to perform oral health screening for diabetic patients; at the same time, 93% of dental assistants and 81% of dentists demonstrated their willingness to learn more about the link between periodontal diseases and DM (Fig. 4) . In addition, significantly more dental assistants demonstrated a desire to expand their practice to include oral health screening and education compared to dentists (85 vs. 74%, respectively) (Fig. 4) .
Multivariate Analysis
Multivariate regression analysis was used to validate the role of gender, age, years of experience, and country of graduation as possible predictors. However, none of these previously mentioned variables played a role as a significant predictor.
Discussion
The global prevalence of DM is increasing in an accelerated manner; the number of deaths per year as a result of diabetic complications is about 5 million, which is significantly higher than the number of deaths per year from AIDS, tuberculosis, and malaria [23] .
However, it is clear that elevating the level of awareness among diabetic patients about the complications of DM is essential to overcome any negative consequences of diabetes on the quality of life. At the same time, increasing the awareness of health care providers will probably improve their attitude and behavior towards the management of diabetic patients. In addition, assessing the status of periodontal health is a standard recommendation for delivering comprehensive diabetes care in the USA [24] and other places worldwide [23] .
This study was designed to evaluate the knowledge of dental care providers in Saudi Arabia toward the relation between diabetes and periodontal health. In order to survey a large geographic area, our study was conducted in 2 different geographic locations that represent the 2 major cities in Saudi Arabia: Jeddah (western province) and Dammam (eastern province).
The length of the study for dentists is more than that of dental assistants; in addition, the accreditation requirements for dentists is more demanding than that of dental assistants; thus, it is not reasonable to expect that both dentists and dental assistants have the same levels of knowledge. However, the purpose of the study was to evaluate the level of knowledge among the dental care providers regarding interactions between diabetes and periodontal diseases in order to evaluate their role in educating their patients rather than comparing the differences among them.
Our respondents were asked about their previous education in the area of periodontal diseases-diabetes interactions. Dentists had more often clinical exposure to the oral-systemic association than dental assistants; in contrast, the number of curricular theoretical hours on systemic diseases was higher for dental assistants than dentists. However, differences in the undergraduate curricula of dentistry and dental-assistant programs could explain the differences between both groups.
About 40% of our respondent dentists revealed that they attended continuing medical education related to oral-systemic diseases, which was significantly higher than the percentage of dental assistants. This variation could be explained by a variation in the rules applied on health care professionals from the national health authorities in Saudi Arabia regarding the requirements for continuing education. However, the role of formal training is important in developing the knowledge and level of confidence among health practitioners while dealing with diabetic patients in the clinics. Esmeili et al. [25] demonstrated that formal training in the area of diabetes is a significant predictor of both providing good service for diabetics and advising patients about diabetes and its periodontal complications.
The prevalence of diabetes in Saudi Arabia (24%) was among the highest 10 globally [1] . More than 60% of our participating dentists said that the percentage of diabetic patients range from 11 to 40%. However, this could be a limitation of our study, where the sample was limited to 2 major cities without inclusion of rural areas; thereby, the percentage of diabetic subjects in our study may not be generalized to the whole population in Saudi Arabia. At the same time, our results revealed that significantly more dental assistants answered that less than 10% of their patients were diabetic compared to dentists, and this could be attributed to the supposition that medically compromised patients prefer visiting dentists instead of dental assistants. However, further studies have to be conducted among medically compromised patients to assess their opinions regarding this. On the other hand, the negative impact of diabetes on periodontal health has been studied extensively [10, 26, 27] . Furthermore, the level of glycemic control plays a significant role in the severity of periodontal infection [27] . Hence, it is not uncommon to find a high level of awareness related to this among dental care providers. Most of our respondents were aware of the diabetes-periodontium relationship, which is similar to previous studies in the same field [28, 29] . However, our results revealed that about 80% of respondents agreed that the presence of DM would increase DOI: 10.1159/000495881 the risk of severe periodontal diseases, which is lower than in a previous study conducted in the USA among the dental hygienists when the agreement rate was almost 100% [30] . Nevertheless, a previous study conducted in Kuwait in 2011 revealed that the level of knowledge regarding oral-related complications in diabetes was significantly decreased from more than 88 to about 50% when moved toward more specific periodontal complications such as tooth loss and periodontal abscess [29] . However, another limitation of our study is the absence of items directed to assess specific periodontal complications related to diabetes.
Similarly, it is encouraging that more than 90% of our respondents agreed that good periodontal health is important to overall health. Nevertheless, when respondents were asked about the impact of periodontal health on the level of glycemic control, the extent of agreement was still high, but less than in previous items, which could be explained by the controversy over this issue, where the evidence does not document this relationship strongly.
Hema et al. [31] revealed that 73% of dentists felt that they were effective in addressing diabetics in their clinics, which is consistent with our results that showed about 80% of our subjects were confident in treating diabetic patients. However, these findings are in contrast with findings of Esmeili et al. [25] , who found that just a third of dentists were confident in dealing with diabetic patients. Findings of the previous study were attributed to the fact that the participating dentists had been out of school for about 15 years; hence, their theoretical and practical knowledge was perhaps not up to date and they may not have kept up with recent research findings in this field. At the same time, the majority of our respondents showed their interest in expanding their practice to include oral health screening and patient education; in addition, they had the desire to learn new information regarding the oral-systemic association. This indicates a high level of awareness among dental care providers in Saudi Arabia regarding the desire for self-development and improvement in practice.
Conclusion
The level of awareness and knowledge among dental care providers in Saudi Arabia was satisfactory; no significant differences were seen between the dentists and dental assistants while responding to the knowledge-related items. However, future studies are recommended in this field to include items on specific periodontal complications and investigating the attitude of dental care providers while dealing with diabetic patients.
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